ABSTRACT
Introduction
India ranks 6th in terms of consumption of energy i.e. 3.5% of the total world's commercial energy. The current consumption of diesel in India is about 40 million tonnes (MT) (40% of the total consumption of petroleum in the country) and is expected to reach 65 million tonnes (MT) by 2011-12, whereas the domestic production of crude oil and natural gas will be less as compared to demand. There is huge gap between demand and supply which is presently met by imports putting heavy burden of foreign exchange on the country. Production of biodiesel from oil and ethanol from sugar based resources are considered as the best substitute of diesel and gasoline respectively in the country. The waste and degraded land after reclamation can be used to grow the resource, produce oil and its conversion to biodiesel. The biodiesel are the monoalkyl ester of long chain fatty acids of vegetable oil or animal fats either from plant or animal. The biodiesel, when mixed with diesel up to 20% requires very little or no modification internal combustion engine and brings substantial reduction in the emission of unburned hydrocarbon by 30%, carbon monoxide by 20% and particulate matters by 25% with no sulphur. The biodiesel has nearly 10% more oxygen which facilitates the combustion and enhances the cetane number (51).
Cultivation of Oil Seed Plant in India
Depending on climate and soil conditions, different nations are looking for different vegetable oils as substitute of diesel fuel: soybean oil in USA, rapeseed and sunflower oils in Europe, palm oil in south East Asia and coconut oil in Philippines is considered as substitutes for diesel fuels. In India, the demand for biodiesel for the year 2011-2012 has been estimated as 13.38 million tonnes considering 20% blends of biodiesel with diesel. The area required for growing the Jatropha plantation alone is about 11.19 Million hectares [1] . The use of edible oil resources like mustard, soya bean, sunflower, palm oil etc for biodiesel production put heavy competition with food and above that, the demand of edible oils is being met by importing from other countries. The non edible oil sources seem to be the only option for cultivation, oil extraction and biodiesel production on industrial scale for engine operation.
The various non edible sources are given in Table 1 .
It is estimated that the potential availability of such oils in India is about 1 million tons per year. The most abundant oil sources are Sal, Mahua, Neem, Pongamia and Jatropha. Based on extensive research, Jatropha and Pongamia are been identified as the potential feedstocks for biodiesel production in near future. oil productivity of the most important non-edible oils resources in India. It is seen that Pongamia Pinnata has higher productivity as compared to jatropha.
Pongamia as a Source of Biodiesel
Self-reliance in energy is vital for overall economic development of India and other developing countries of the world. The need to search for alternative renewable, safe and non polluting sources has been accords top priority. Further, uncertain supplies and frequent price hikes of fossil fuels in the international market are also posing serious economic threats for developing countries. Amongst the various non edible oil seed crops, Jatropha and pongamia plant is considered as the sole resources that can meet the growing demand of biodiesel in India due to their high productivity and less maturity cycle. Out of the two only Pongamia Pinnata will be considered in the present paper. Pongamia Pinnata found as one of the most suitable non edible oil plant species in India due to its good N 2 fixing ability and not grazable eatable by animal. It can be grown in water logged, saline and alkaline soil, waste land/ fellow land and can withstand harsh agro climates. It is a medium sized evergreen tree with spreading crown and a short bole. The tree is planted in for shade and grown as ornamental tree. The seed contain 30% -40% oil. The natural distribution is along the coasts and riverbanks in lands are native to the Asian subcontinent. It can also be cultivated along the roadsides, canal banks and open farm lands. It is a preferred species for controlling soil erosion. Its root, bark, leaves, sap, and flowers also have medicinal properties and are traditionally used as medicinal plants. The seeds are largely used to extract oil known as 'Karanja oil'.The fuel properties of Pongamia is compared with petroleum diesel as shown in Table 3 .
In addition the same oil is used as fuel for cooking and lightening lamps. The oil is also used as a lubricant, water-paint binder, pesticide, and in soap making and tanning industries [2] . The crude oil is yellow orange to brown in colour, which thickens on standing. It has a bitter taste, disagreeable odour, and is non edible. The oil is known to have value in folk medicine for the treatment of rheumatism, as well as human and animal skin diseases. It is effective in enhancing the pigmentation of skin affected by leucoderma or scabies. Incorporation of leaves and the presscake used traditionally for improving soil fertility as leaves and cake are good sources of fixed nitrogen. Biologically dried leaves are used as an insect repellent in stored grains. The press cake, when applied to the soil, has pesticidal value, particularly against nematodes.
Botanical Features
Pongamia pinnata (Leguminoceae, subfamily Papilionoideae) is a medium sized tree that about 7 -8 meters high with a trunk diameter of more than 50 cm. The trunk is generally short with thick branches spreading into a dense hemispherical crown of dark green leaves. The alternate, compound pinnate leaves consist of 5 or 7 leaflets arranged in 2 or 3 pairs, and a single terminal leaflet. Leaflets are 5 -10 cm long, 4 -6 cm wide, and pointed at the tip. Flowers are pink, light purple, or white. Pods are elliptical; (3 -6 cm long and 2 -3 cm wide) thick walled, and usually contain a single seed as shown in Figure 1. 
Botanical Description of Pongamia Pinnata [3]
 Fast growing, medium sized legume tree  Height: 7 -10 m, stem diameter: 50 -80 cm  Smooth grey-brown bark with vertical fissuring  Leaves compound, pinnate and alternate  Mature leaves glossy dark green above, pale below  Flowers white, pink or lavender pea-like blossoms, which bloom late spring/early summer  Seeds are 1.5 cm long, light brown, oval and contained in clusters of brown, eye-shaped pods  Reproduces via seeds but can be cultivated from root suckers or stem cuttings  Yields from 9 to 90 kg seed/tree/annum  Can produce up to 40% solvent extractable oil per seed  Approximately 50% of oil is C18:1, which is suitable for biodiesel production (low cloud point)  Nodulates with Bradyrhizobium; spherical nodule  Chromosome number: 22
It grows at an altitude of about 1200 m having annual rainfall of 500 to 2500 mm. Pongamia pinnata is an alkaline/saline and drought tolerant species. month) as given in Table 4 .
Ecology of Pongamia Pinnata
Pongamia pinnata native to humid and subtropical environments, and thrive in areas with annual rainfall ranging from 500 to 2500 mm. in its natural habitat, Matured trees can withstand water logging and slight frost is not found above 600 m. Pongamia can grow on most soil types ranging from stony to sandy to clay, including Himalayan foothills and so is common along waterways or seashores, with its roots in fresh or salt water. Highest growth rates are observed on well drained soils with assured moisture.
Distribution
The natural distribution of pongamia is along the coasts and river banks in India and Burma. It is native to the Asian subcontinent, and the species is introduced to hu- 
Chemical Composition of Pongamia Oil
The seeds of Pongamia pinnata contain 30 to 40% oil which is thick, reddish brown in colour oil known as Pongam/Pongamol/Hongay oil which can be converted to biodiesel by transesterification with methanol in the presence of KOH. FFA composition of pongamia seed oil which shows that the oil has 20.5% saturated and 79.4% unsaturated long chain fatty acids The major mono unsaturated fatty acid is oleic acid (46%) linoleic acid (27.1%) and linolenic acid (6.3%) which constitutes the total polyunsaturated fatty acids. Low molecular weight fatty acids such as lauric and capric acids occur in very small amount of about 0.1% each.
Cultivation of Plants
Pongamia can be easily established by direct seeds or by planting nursery-raised seedlings or stem cuttings of 1 -2 cm. In India, the seeding season is April June, and the seed yield per tree ranges from about 10 -50 kg. Seeds, requiring no treatment before sowing, remain viable for about a year when stored in air-tight containers. Seed germinates within two weeks of sowing. Seedlings attain a height of 25 -30 cm in their first growing season.
Transplantation
Transplanting to the field should occur at the beginning of the next rainy season when seedlings attain 60 cm height. Seedlings have large root systems and so the soil should be retained around the roots during transplantation [6] . The spacing adopted in avenue plantings is about 8 m between plants. In block planting, the spacing can range from 2 × 2 to 5 × 5 m. Pongamia seedlings withstand shade very well and can be inter planted in existing tree stands.
Management
Pongamia should be grown in full sun or partial shade on well-drained soil low maintenance tree once established becomes resistant to high winds and drought but is susceptible to temperatures below 0˚C. Pongamia will show nutritional deficiencies if grown on soil with a pH above 7.5.
Uses

Soil Improver
Addition of leaves and the seed cake into soils improves fertility. Decomposed flowers are valued in the tropics as rich nutrition for special plants, especially when grown in greenhouse.
Nitrogen Fixing
Nodulation is reported in pongamia. In nurseries and fields the presence of nodules on uninoculated pongamia seedlings is common. Therefore, this species may not be specific in its Rhizobium strain requirement [7] . It nodulates and fixes atmospheric nitrogen with Rhizobium of the cowpea group.
Ornamental
Pongamia pinnata is often planted in homesteads as an ornamental tree and in avenue plantings, roadsides, streams and canal banks [8] . However the large amounts of flowers, leaves and pods that it regularly sheds make it not very suitable for this purpose.
Shade or Shelter
Grass grows normally beneath the tree so it has been planted for shade in pastures. Pongamia pinnata is grown as a windbreak for tea plantation in Sri Lanka.
Erosion Control
A preferred species for controlled soil erosion and binding sand dunes because of its extensive network of lateral roots.
Reclamation
Because it tolerates moderate levels of salinity, Pon-gamia is an ideal candidate for recovering a variety of wastelands such as saline soil reclamation. It is also used in reforestation of marginal lands.
Biodiesel Scenario and Land Requirement in India
As India is deficient in edible oils, non-edible oils become the main choice for biodiesel. Generally, a blend of 5% to 20% is used in India (B 5 -B 20 ) [9] . Indian oil corporation (IOC) has taken up Research and Development work to establish the parameters for the production and use of biodiesel in its R&D centre at Faridabad Table 5 gives the requirements for different blends up to B20 
Conclusions
Demand for transport fuel is increasing unabatedly in India. On the other hand there are frequent hikes of prices of fossil fuel and uncertain supply in international market. To minimize the import of crude oil we must go for Bio fuels which are renewable and eco friendly. Pongamia oil may stands as Bio-diesel which is renewable, safe and non-polluting. It holds great promise to the rural sectors of India to meet the energy and organic fertilizer requirements. Of course researchers are to be carried out on Pongamia to standardize agro-technology, low cost and efficient mechanical device to expel oil, to find out the economics, high yielding and high oil content varieties suitable to the different agro-climates of India. In that way researchers are also to be carried out value addition on by products of Pongamia oil. By planting Pongamia on roadsides, river bank, on the two sides of irrigation canals, marginal and degraded soils. India will able to produce tons of Bio-diesel and organic fertilizers (Oil cake) in near future.
